Materials and Methods

Fabrication of hetero-nanojunctions
The SiO 2 @Si substrates (5 mm × 5 mm size, pre-cut from a Si wafer, <100> oriented, p-type, obtained from University Wafer with a thin native SiO 2 layer of ~2.3 nm,) were snow-jet cleaned to remove dust and contaminants. The substrates were treated with O 2 plasma (Femto, diener electronic, gas pressure 0.5~1 bar) for different time periods. The thickness of SiO 2 layer was determined by an alpha-SE ellipsometer. The bare Si substrate was obtained by etching the thin native SiO 2 layer in a HF buffer solution. The Si substrates with varying silica layers were then immersed in a 1 mM solution of 4,4′-dimercaptostilbene (dithiol; >96%, Aldrich) in tetrahydrofuran (THF) for 1 hr to allow the formation of a monolayer of dithiol molecules and subsequently rinsed with THF to remove the excess molecules from the surface. Then a drop of AuNPs with an average diameter of 100 nm (BBI life sciences; 5.60×10 9 particles/ml) was cast onto the dithiol functionalized SiO 2 @Si substrates for approximately 1-30 min, followed by rinsing and air-drying to remove unattached AuNPs. It should be noted that the concentration of the AuNPs colloidal solution and the casting time were carefully adjusted to achieve a rather low NP surface coverage (shown in Figure 1g ) in order to eliminate the inter-particle electromagnetic The near-field was taken as maximum value of the electric field in the middle of the gap normalized to the incident wave ||/| |. The simulation was carried out at a wavelength of 633 only to understand Raman enhancements produced by the AuNP on substrate configuration.
Characterization
Raman spectra were acquired using a Renishaw inVia Raman system equipped with an integral
microscope. An objective with the magnification of 100× (Leica, NA: 0.85) was used. Laser with wavelength of 633 nm was used as the excitation source. The dark-field scattering spectra were collected using an optical microscope (Olympus BX51) coupled to an Ocean Optics QE65000 spectrometer (spectral range: 200−1100 nm) with a 50 µm diameter optical fiber (Ocean Optics QP50-2-VIS-BX). An objective with a magnification of 100× (NA: 0.80) was used. 
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